This research aims to evaluate the suitability of cryptocurrency as money from the Islamic perspective. Money, in the Islamic perspective, has specific characteristics and requirements, such as stability and is based on assets. Cryptocurrency may not fulfil this as it has queries as money from the Islamic perspective. The research method applied data of 23 cryptocurrency prices and related information. The result shows that cryptocurrency is hugely volatile and has limits to being called 'money,' as it is limited and used for speculation, which is prohibited in Islam. The research implies that Muslims would be reluctant to use cryptocurrency as money, as a currency of transaction. This reason raise an expectation that the cryptocurrency will not develop rapidly in Muslim countries.
Introduction
The cryptocurrency was developed to facilitate peer-to-peer transactions that operate independently from the central bank. Cryptocurrency is not physical; it can be a coin but it is a digital coin. It also cannot be withdrawn. The owner can only transfer the funds to other parties. The application of cryptocurrency is an interesting issue of money and contributes to the financial market as it is based on a blockchain that is out of the current modern financial system of fiat money. Meanwhile, fiat money is produced by the central bank of each country; however, cryptocurrency is based on a borderless system as it is not limited to one country or territory. No authority controls the money mechanism of cryptocurrency.
The value of cryptocurrency is based on the blockchain creation to store the data. The calculation is based on the algorithm, which is complicated. The bigger the blockchain can create the data and system, the higher the fee of miners. This is the mechanism of how the value of cryptocurrency is created. Then, the supply and demand of users can also lead to either the increase or decrease of the value of cryptocurrency.
The issue of cryptocurrency from the Islamic perspective has been discussed. However, recommendations on this issue are absent. Most previous research is based on a qualitative study, which refers to classical Islamic law. There are pros and cons arguments for this. This gap would be proved by empirical data in this research. In the age of Prophet Muhammad PBUH, money was based on bullion gold and silver with specific characteristics. Money based on camel leather is temporarily permissible as a result of limited resources. Money today is more of a medium of exchange for goods and services that can be used by common people. Most Islamic scholars may propose fiat money for a medium of exchange only. This is the motivation of the research as money in the Islamic perspective discursion can be flexibly arranged in specific conditions and times. The motives for holding money, which is suitable to Islamic teaching, are (a) the transaction motive and (b) the precautionary motive. However, the speculation motive, or trading, is strictly prohibited (Sanusi, 2002) as this activity can be categorized as hoarding, which is prohibited in Islam. In addition, money should be treated as a currency of transaction rather than for gaining profit from speculation activity. This concept would be the basic requirement of the money characteristic from the Islamic perspective. Different with most of previous studies, this research will also discuss and provide analyse based on quantitative data.
The issue of cryptocurrency that can be functioned as money was discussed by Ammous (2018) . He stated that the indicator of exchange can function as money as a store of value like Bitcoin. This is also supported by other factors, such as low growth supply, reliable network, and not much interference, which may not be found by other cryptocurrencies. Mills and Nower (2019) found that most traders faced high risk, but low depression, and anxiety concerning cryptocurrency trading. This is experimental to gamblers. Other researchers found that there were no herding activities in cryptocurrency trading as a trader may have an individual motive for cryptocurrency trading (Stavros and Vassilios, 2019) . Meanwhile, Bouri et al. (2019) found a tendency of herding when uncertainty increased, which may cause cartel trading.
This research aims to identify if cryptocurrency fulfills money requirements. Money, in the Islamic perspective, historically should be based on physical assets, should be able to cover all activities, and is not for speculation purposes. The characteristics of cryptocurrencies will be analyzed based on money from the Islamic perspective in the current context. In fact, the percentage of the Muslim population in the world was around 24% in 2015 (www.bbc.com) . This would affect the development of cryptocurrencies in Muslim countries if it is labeled as a prohibited activity or otherwise. Nevertheless, the development of cryptocurrencies has not been fast as it contains risks that can occur. This can be a consideration for Muslim countries to not apply it. In addition, in China and Russia, cryptocurrency is banned for similar reasons (www .investopedia.com).
The remainder of the paper is organized as follows. The second section discusses the literature review and the theory of money from the Islamic perspective and cryptocurrency study. The third section describes data and the adopted methodology. The fourth section analyzes the results. The last section concludes the paper. This may be the first research paper that discusses and promotes the legality of cryptocurrency in the Islamic perspective based on quantitative data. In addition, there are 23 cryptocurrencies that will be used for the analysis. So far, previous researches only analyzed less than five cryptocurrencies in the paper.
Literature review

History of money: the Islamic perspective
The history of money started when the Islamic government ruled. It started when Prophet Muhammad PBUH ruled in the city of Medina in 625 AD. The money was called the dinar, which was made of 4.25 g of 22-carat gold and dirham, which was made of 3-grams of silver. Previously, money was made of the skin of a camel, but then it was prohibited, as it can significantly reduce the camel population (Haneef and Barakat, 2002) . The dinar was actually copied from the golden money of the Byzantine Empire while the silver was copied from the Persian Empire. These two types of money had a stable ratio of 1:10 but then fluctuated to 1:15 in the long period (Rashid et al., 2002) . Such a fluctuation occurred because of the hoarding by some people. In other words, they minted the dinar to gold because the dinar was made of gold, which was the intrinsic value of the dinar. This phenomenon was observed by Al Maqrizi. Then, the terminology known as bad money drove out good money by Gresham's law (Rosly and Barakat, 2002) .
From the Islamic perspective, money is exclusively used for an exchange not for speculation or trading to gain profit purposely. Taking profit from money trading on purpose can be categorized as usury (riba) (Sanusi, 2002) . On the other hand, referring to the phenomenon above, people would keep "good" money rather than to use for transaction what is "bad" money.
Mechanism of cryptocurrency
A cryptocurrency is a virtual coin so it does not have a physical form. The only proof of ownership of cryptocurrency is a recorded transaction on the blockchain. The blockchain is a public record (or electronic ledger). People who own cryptocurrency, for example, want to buy goods from sellers willing to accept cryptocurrency as payment. Rather than having a bank facilitate the transfer of the currency, that transfer takes place through the public ledger system.
The initiation of a new cryptocurrency usually arises when a company plans to launch new products and find funds to develop them. The company creates its own virtual currency and issues new coins or tokens created through the initial coin offering. Different labels have been used to describe various types of tokens or coins issued. The first cryptocurrency was Bitcoin. Bitcoin has no function or purpose other than as a means of exchange (or store of value).
Cryptocurrency is usually arranged by a set protocol that determines how many coins can be made, how they are made and how the integrity of ledgers is protected. These protocols are intended to be equivalent to government regulations and laws that support fiat money, and their strength will affect confidence in the digital currency and, therefore, their supply and demand. Usually, cryptocurrency blockchains are arranged so that it is difficult, or impossible, to change their operating protocol.
When a cryptocurrency enters circulation, there are many ways to get it. It can be purchased through exchanges; some people accept it because their company allows them to choose to receive digital money; some retailers accept cryptocurrency as payment for their goods and services; or people, or organizations, who maintain the blockchain for cryptocurrency are usually rewarded with cryptocurrency.
Cryptocurrency in the Islamic perspective
The issue of cryptocurrency as money is an interesting issue. This is because cryptocurrency was based on cryptography in the financial system. The value calculation of cryptocurrency is also based on an algorithm in the system of the blockchain. The blockchain is claimed to have some advantages as it is a safe, undeleted, complicated, and efficient system. To meet the criteria of a tool of exchange or money in Islamic teaching, money has to be stable, safe, and effective. Cryptocurrency may have some money characteristics, but it needs further research to see the characteristic of this "money." In general, there are three groups regarding cryptocurrency: the cons, the pros, and the neutral group. (2017) found three conditions excluding cryptocurrency from the category of money. It is characterized by (a) no intrinsic value, (b) has an anonymous holder, and (c) it is unstable. A similar issue was proposed by Meera (2018) , who suggested that "Islamic" money should be backed by an asset. Therefore, cryptocurrency does not fulfill that requirement. He suggested that to meet the Islamic principles, cryptocurrency should be backed by a real asset. Nurhisam (2017) stated that Bitcoin is not permissible as money because it is not under government regulation and the risks and weaknesses are greater than the benefits. He was concerned with the legality of money issuance by government and uncontrollable issues.
Pros group
Oziev and Yandiev (2018) have identified the conformity of Bitcoin to Islamic teaching and found that it has no emitter, monetary control, or transparency. Some Islamic scholars also have different opinions on this issue. The Shariah Review Bereau (2018) identifies that cryptocurrency and tokens are permissible as money as they meet habits of exchange transactions besides other requirements such as maal (property), manfa'ah (usufruct), haqq (right), and dayn (liability). Furthermore, there are some differences between coins and tokens. Tokens are also varied but the function as a medium of exchange is similar. Amalin (2018) opined that cryptocurrency fulfilled for money exchange it is transparent and clear regulation for trading. It does not contain usury (riba), which is banned in Islamic teaching. Similar reasons proposed by Zain (2018) , he also stated that Bitcoin can be used for illegal transactions due to unregulated by central bank.
Neutral group
Azulbaidi and Abdullah (2017) argue that the issue of digital money needs further study to see the suitability of Islamic teaching. This opinion was similar to that of Asif (2018) , who stated that the system is not against Islamic teaching, but is not for the derivatives. Then, similar issues were raised by Bangash (2017) . He stated that old Islamic scholars (such as Ibn Taymiyyah) did not specifically elaborate on the requirement of money. They only highlighted the behavior of users. Money should not be traded like a commodity, otherwise, it will cause a crisis (as stated by Imam Ibn al-Qayyim). Meanwhile, Imam Abu Hanifa and Imam Abu Yusuf permitted treating money as the commodity with some restrictions. He also concerned with the issue of safety and the unreal economy of Bitcoin.
Adam (2017) store and is lawful based on Islamic teaching. However, it fails to be monetary usage as it has such risks as volatility, circulation, and transparency. All kinds of coins of cryptocurrency and tokens may be in line with Islamic teaching but not buy-back tokens as they must have separate contracts (Adam, 2018) . Another issue is that no more Bitcoins will be created after 2140 when 21 million Bitcoins have been created (Koropenko, 2018) . Money should be able to cover any transactions as they are available for the transaction. Mills and Nower (2019) found that cryptocurrency trading is similar to gambling. However, it has low depression and anxiety. This is an experiment for gamblers who face the cryptocurrency trading experiment. They face greater problems in cryptocurrency than gambling. Antonakakis et al. (2019) stated that market uncertainty increased as the volatility of price increased as well. Akcora et al. (2018) found that the Bitcoin price was so volatile and can suffer a loss for investors.
Previous research on cryptocurrency
In cryptocurrency trading, it was found that no herding activities as a trader may have an individual motive for cryptocurrency trading (Stavros &Vassilios, 2019) . This may imply that there is no conspiracy in cryptocurrency trading. However, Bouri et al. (2019) found that there are other ways around it because of the increased uncertainty. Antonakakis et al. (2019) found that Bitcoin can influence the cryptocurrency market. Yi et al. (2018) also found that big cap cryptocurrency can influence volatility in the market while small cryptocurrencies have a net-transmitter volatility interconnection to others. Ammous (2018) stated that the indicator of exchange (money) is that it is able to store a value such as Bitcoin. This is because they have a low growth supply, reliable network support protocols, and less interference. This may not be found in other cryptocurrencies that are centralized, and it is only for specific token applications. Caporale and Zekokh (2019) criticized the use of GARCH in the single model, as it can fail to predict value-at-risk (VaR) and expected shortfall (ES) for cryptocurrency analysis, such as inefficiency risk-management, optimization of a portfolio, and derivative pricing. Platanakis and Urquhart (2019) stated that investors should be preferred in the portfolio management for cryptocurrencies by controlling estimation errors. Meanwhile, Nelson (2018) stated the impact of bubble cryptocurrency on Source: Data the monetary system is small and digital money cannot replace fiat money. This research is expected to fill the research gap by presenting the analysis based on quantitative data to justify whether cryptocurrencies meet requirements of money from the Islamic perspective. They are (a) the availability of money; money should not be limited. Money should be able to cover most transactions in the specific region. However, the supply of cryptocurrencies is limited; (b) speculation activities, money should be used for transaction not for speculation activities dominantly. This paper will show that Bitcoin was used dominantly for speculation rather than for transaction activities. Only a small portion of people would use it for a medium of exchange; and (c) stability of cryptocurrencies. This would include all cryptocurrencies in the world. Previous research only discussed specific cryptocurrencies, not all cryptocurrencies.
Research method
We apply a mixed method of descriptive literature, data study, and empirical research. In the literature study, we collected information about the ideal money from an Islamic perspective and applied it to the current context of cryptocurrency. The data were taken from a related cryptocurrency website to get updated information, while for the empirical study, the data were taken from Yahoo Finance from 29 September 2017 until 25 January 2019. Therefore, 23 cryptocurrencies can be compared, as there are new cryptocurrencies, such as Cardano (see Table 1 ).
We estimate the long-run volatility using the GARCH (1,1) method (Bollerslev, 1986) and we follow the implementation procedure as explained by Danielsson (2011) ) as follows:
where σ t and σ t-1 denote the volatility forecast for time t and time t-1, y t-1 is the realized return at time t-1, and V LR is the long-run variance. This is different from Caporale and Zekokh (2019) , who did not make any analysis. We also conduct robustness test to see the consistency of the test using GARCH(2,2) estimations and the structural break control.
Analysis
The analysis is based on the literature review above to qualify if the medium of exchange can be called money. Money can be in the form of any basis but it should be used for exchange and widely accessed by other people. In addition, money should be stable so the value can be maintained. The discussion is as follows:
4.1. The purpose of money for a medium of exchange (not only for value storage)
Money should be able to be a medium of exchange. This means that money should be used for exchange rather than for value storage. If this happens, money would be speculated to gain profit (Sanusi, 2002) . This case happened in 1250 AD. Consequently, the circulation of the dinar (gold money) decreased and increased the ratio of the dinar to dirham as the number of dinars decreased as people minted dinar into gold and hoarded it (Rosly and Barakat, 2002) .
The problem is when one medium of exchange is not used for a transaction, it can increase the price because of the low supply. Therefore, demand would increase in this case. In the case of Bitcoin, in the last year, the total transaction per day was only 150.000-350.000 while the total Bitcoin increased until almost 17.600.000 units (see Figure 1 ). This means that only 2% of the units were used for transactions. This would hamper the situation as the total number of transactions was decreasing compared to the total Bitcoin. The next analysis is the use of Bitcoin for speculation. In Figure 2 , we can see that the number of volume trading increased when the price also increased until the top. Then, when the price started to decrease, the volume of the transaction is also quite high. The volume decreased as the price decreased. The supply and demand for Bitcoin transactions may be small in terms of the volume of bid and offer. Consequently, the price is easily volatile.
In this case, technical analysis, which is usually used for stock price prediction, may be useless because of the high volatility. Using moving average 50 (MA 50) and Bollinger bands may be useful if the movement is not so volatile and has some pattern (see Figure 3 ). There needs to be further research to predict the movement of Bitcoin. This, however, may support Mills and Nower (2019) who classify trading cryptocurrency as similar to gambling, which cannot be predicted accurately. 
Cryptocurrency supply
It is stated that the Bitcoin supply is only up to 21 million units. Therefore, this can be an interesting issue that not all transactions can be covered by Bitcoin. 1 Ammous (2018) found that Bitcoin is the ideal money in this case. However, other cryptocurrencies may be backed up for this issue. However, cryptocurrency consists of two types: token and coin. The difference is that the token depends on another cryptocurrency as a platform to operate. 2 Some platforms are Ethereum (biggest), NEM, and Omni. 3 A token is like a contract to Bitcoin, which is then further developed into types such as the work token, utility token, asset-backed token, revenue token, equity token, and buy-back token. The user of a token has the right of the application (Adam, 2018) .
In Tables 2 and 3 , we can see the maximum supply for each cryptocurrency. Some cryptocurrencies like Ethereum, EOS, Tether and Stellar are not available for maximum supply information. This is also an important issue that should be raised if the supply of "money" is limited. However, other substitutes or other similar complementary money can solve this issue.
Stability of monetary value
The next important issue for money is stability. This issue is required by the Accounting and Auditing Organization for Islamic Financial Institution (AAOIFI) in the accounting assumption. Monetary stability is one of the assumptions in accounting; otherwise, it cannot be useful for presenting the financial information. Using GARCH (1,1) we can see the stability of cryptocurrency. Refereeing to the model, ω, α and β are the parameters to be estimated. Likewise, once we obtain ω, α, and β parameters, we can easily calculate γ and the long-run variance (V LR ). Note that the long-run volatility (σ LR ) can be obtained by square rooting the long-run variance. Table 4 reports the parameters, long-run variance, long-run volatility and relative long run (LR) risk estimates of the 23 cryptocurrencies and S&P500. The relative LR risk is the cryptocurrency's volatility divided by the S&P500's volatility. Overall, we can see that almost all of the cryptocurrencies have a substantially higher risk than that of S&P500. Only USDT cryptocurrency has lower risk than that of S&P500. Most of the cryptocurrencies have around three or four times the risk than that of S&P500. Even DOGE has more thirteen times risk than that of S&P500. This indicates that cryptocurrencies tend to be unstable. These results are consistent with Antonakakis et al. (2019) and Akcora et al. (2018) findings.
We also performed another estimation for GARCH(2,2). Table 5 reports the parameters, long-run variance, long-run volatility and relative long-run (LR) risk GARCH(2,2) estimates of the 23 cryptocurrencies and S&P500. Again, we can see that almost all of the cryptocurrencies have substantially higher risk than that of S&P500. Only USDT cryptocurrency has a lower risk than that of S&P500. Most of the cryptocurrencies have around four or five times of risk than that of S&P500, even DOGE has more twenty-three times risk than that of S&P500. Overall, cryptocurrencies tend to be unstable.
We also performed GARCH(1,1) and GARCH(2,2) estimations with the structural break control. We selected December 7, 2017 as the point of structural break because that is the day when BTC experienced the highest absolute return. Tables 6 and 7 report the parameters, long-run variance, long-run volatility and relative long-run (LR) risk GARCH(1,1) estimates of the 23 cryptocurrencies and S&P500 during the period before and after the structural break. Tables 8 and 9 report the parameters, long-run variance, long-run volatility and relative long-run (LR) risk GARCH(2,2) estimates of the 23 cryptocurrencies and S&P500 during the period before and after the structural break. We denote "EXPL" for some estimations producing explosive GARCH. An explosive GARCH provides an infinity estimation of the long-run variance (Zivot, 2008) . We obtain consistent results. Only one cryptocurrency reports a lower relative risk for GARCH(1,1) estimate during the period before the structural break, seven cryptocurrencies report the lower relative risk for GARCH(2,2) estimate during the period before the structural break, and one cryptocurrency reports the lower relative risk for GARCH(2,2) estimate during the period after the structural break. Overall, we conclude that cryptocurrencies tend to be unstable.
Conclusion
The discourse of cryptocurrency as money or otherwise is important as this will be useful for Muslims, as a big part of the world population. In big countries like China and Russia, cryptocurrency is banned as a result of reasons such as safety and risks. In Muslim countries, which are bound to Islamic teaching, the permissibility of cryptocurrency is an important issue in the Islamic perspective. So far, no single Muslim country permits cryptocurrency for legal transactions. While it is quite difficult to identify the purpose of using specific money, in the case of cryptocurrency, such as Bitcoin, most users have a speculative motive to gaining profit instead of for exchange as with money. This is interesting, as the characteristic of cryptocurrency may not be liquid and stable for conversion. In the case of supply, not all cryptocurrencies have a sufficient supply to cover all transactions. In addition, this must be supported by available online merchants, especially for electronic transactions. The last issue is stability. Cryptocurrency is more volatile than the S&P itself. This result is also consistent with robustness tests. Users must be aware of these characteristics. Therefore, cryptocurrency may be classified as a medium of exchange of digital currency rather than money for this category. Money has flexible characteristics from cryptocurrency and its stability can be intervened by the government.
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